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Overview
One of the contentious issues of the ongoing climate change negotiations is the huge difference in emission intensities (i.e., CO2 emissions per capita) between developed and developing countries. Developing countries argue that since their per capita CO2 emissions are very small compared to that of developed countries, it should be legitimate for them to increase their emissions to achieve anticipated economic growth. They further argue that one of the principles of a long-term climate change agreement should be equity in that emission intensities converge between the countries in the long-run. Several existing studies (e.g., Lecocq and Hourcade, 2012; Gaisford, 2010; Tol, 2005) highlight this issue of equity in climate change negotiations. On the other hand, developed countries assert that without meaningful participation of developing countries, especially the emerging developing economies – such as China, India, Brazil, and South Africa –stabilization of atmospheric concentrations of greenhouse gases (GHGs) at a level required to avoid dangerous anthropogenic interference with the climate system—would not be feasible (Rong, 2010; Timilsina, 2008). These arguments can be attributed to the failure of recent climate change negotiations (Campbell and Klaes, 2011; Dimitrov, 2010). A critical question is: can the stabilization of GHG concentrations in the atmosphere to avoid climate change be achieved while converging the emission intensities between industrialized and developing countries? This study assesses the costs to the global economy of moving forward in the direction to converse emission intensities between Annex I and Non-Annex I countries. A range of uniform carbon taxes are introduced in Annex I countries as a policy instrument while non-Annex I countries are exempted from the carbon taxes.

Methods

A global, dynamic, multi-sector computable general equilibrium (CGE) model has been developed for the purpose of this study. The model has 28 sectors and 25 countries/regions. Each of the 28 sectors is depicted by a set of multi-tiered nested constant elasticity of substitution (CES) production functions. The model gives special attention to the energy sector by explicitly representing petroleum products and biofuels. While modeling the household sector, we assumed that a representative household maximizes its utility, using a non-homothetic Constant Difference of Elasticities (CDE) function, subject to the budget constraint. The government derives revenue from a number of indirect taxes, tariffs and a direct tax on households. Government expenditures are an exogenously determined share of nominal GDP. Government revenue equals the sum of government expenditures and government savings so that, in the model, the public sector always has a balanced budget. On the national/regional level, import demand is driven by CES functions of domestic and imported components of demand for Armington commodities. Export supply is depicted by a two tier constant elasticity of transformation (CET) function. The model is calibrated with GTAP version 7.0 data. However, not all data needed for the model are available in the GTAP database, therefore, we further disaggregated the available date to match our requirement with the help of detailed additional information on production, consumption and trade of commodities. 

Results

Figure 1 illustrates that emission intensities of Annex I and Non-Annex I countries are moving closer as rate of carbon tax increases. Under the business as usual scenario the average emission intensity of the Annex countries would be 13.2 tCO2 per capita in 2030. This is 3.62 times as high as the average emission intensity of Non-Annex I countries in the same year. A uniform carbon tax of US$10/tCO2, US$50/tCO2 and US$ 100/tCO2 in the Annex I countries would reduce their emission intensities by 8%, 24% and 33%, respectively from the BAU case. If the carbon tax is raised to a very high rate of US$ 250/tCO2, the average emission intensity of Annex I country would drop by 46%. On the other hand, the 250/tCO2 carbon tax in Annex I countries would cause emission intensity of Non-Annex countries to increase slightly, by 2.8%. Although Annex I countries’ emission intensity would still be 1.9 times as high as that of Non-Annex I countries at 250/tCO2 carbon tax case, the gap in emission intensity between Annex I and Non-Annex I countries would drop by almost 65%.One interesting finding is that the emission intensities of developed and developing countries move towards convergence only when the former undertake a large cut in their emissions, whereas the latter are allowed to increase their emissions. However, stabilizing atmospheric concentration of GHG emissions at the level that avoids climate change would not be possible through reductions of GHG emissions from developedcountries only; developing countries also need to significantly reduce their emissions. But, if developing countries start reducing their emissions, emission intensities of developed and developing countries start diverging instead of converging. Some developing countries, such as India and China, have announced their plans to reduce their emission intensities, particularly CO2 emissions per capita GDP. To achieve their plans, these countries are expected to make huge investment in clean energy technologies on both energy supply and demand sides. Furthermore, their emission intensities are expected to decrease in spite of significant increase in their income (i.e., GDP per capita) unless the income effect (i.e., the rate of increase in GDP per capita) is greater than intensity effect (i.e., the rate of decrease in emission per capita GDP). The decrease in emission intensities in developing countries would lead to further divergence of emission intensities between developed and developing countries.

Figure 1. Movement of Emission Intensities Gap between Annex I and Non-Annex Countries along with Annex I Countries’ Carbon Tax Rates
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Conclusions
A very high carbon tax ($250/tCO2) introduced only in Annex I countries aiming to move forward towards converging per capita CO2 emissions between Annex I and Non-Annex I countries would reduce a merely 18 percent of global emissions in 2030. This is much smaller compared to the level of global CO2 reduction required for stabilization of atmospheric concentration of GHG emissions to avoid dangerous climate change.  Since the global CO2 emissions should be a half of 1990 level in 2050 to stabilize the concentration of CO2 emissions and since this would not be achieved even if Annex I countries do not emit CO2 emission at all by 2050, developing countries’ demand for climate policies to converge emission intensities between Annex I and Non-Annex I countries, would not be fruitful. 
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